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Abstract
Cordyceps militaris L. (C. militaris) has been traditionally used as tonic medicine for metabolic 
syndrome. Cordycepin, has been reported with immunomodulatory, antitumor, and hepato-
protective effect, is the main extract from C. militaris. This study was conducted to evaluate 
the alcohol degradation and hepatoprotective effect of cordycepin-enriched C. militaris ex-
tract (CM) powder in chronic and binge ethanol (ethanol Lieber-DeCarli diet)-fed male C57BL/ 
6 Mice. Cordycepin-enriched C. militaris extract powder was orally administered once daily at 
dose levels of 0, 125, 250, and 500 mg·kg-1·day-1 for 16 days. For evaluating alcohol degrada-
tion, ethanol concentration and alcohol dehydrogenase (ADH) and aldehyde dehydrogenase 
(ALDH) activity were measured in serum. Serum ethanol (EtOH) concentration was decreased 
at CM treated groups, and the activities of ADH and ALDH were increased dose-dependently at 
CM treated groups compare to EtOH model group. In clinical chemistry, the values of aspartate 
aminotransferase (AST) and alanine aminotransferase (ALT) were lower in CM treated groups 
than those in EtOH model group. Additionally, absolute and relative (to body weight) liver 
weights were statistically decreased in the CM treated groups compared to the EtOH model 
group. In conclusion, our study showed that cordycepin-enriched C. militaris extract powder 
exhibits hepatoprotective effect by upregulating the ADH and ALDH enzyme in an alcoholic 
liver disease model.

Keywords: alcohol, alcohol-induced hepatic steatosis, Cordyceps militaris extract, liver 
damage
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Introduction
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Materials and Methods
Test material

Cordyceps militaris ( Cordycepin 2.0% , COA, SK bioland, Korea)

(Korea) . Cordyceps militaris , 

magnetic stirrer .

Animal and experimental design

10 (C57BL/6) (Korea) . specific patho-

gen free animal (SPF) , 7 (Lab Diet® #5053, PMI 

Nutrition International, USA) . , 

10 6 , (Table 1): 

(negative control), (EtOH model), Cordyceps militaris (EtOH + CM125; EtOH + 

CM250; EtOH + CM500) (EtOH + Silymarin 250). , CM Cordyceps militaris 

(mg·kg-1) , silymarin (Muriel et al., 1992) 

(Gillessen and Schmidt, 2020).

SPF 22 ± 3℃, 50 ± 20%, 12 h (08:00 - 20:00), 

10 - 15 ·h-1, 150 - 300 lux, 60 dB , 5 ppm . poly-

carbonate cage (L 39.0 cm × W 24.0 cm × H 18.0 cm) 5 . 

(Institutional Animal Care and Use Committee)

( : 1803-0007) .

Table 1. Group designation and dose level.

Group No. of animals Inducer Test material Dose (mg·kg-1)

Negative control 10 Lieber-DeCarli control diet N.T.     0

Alcohol control (EtOH model) 10 Lieber-DeCarli ethanol diet N.T.     0

EtOH + CM125 10 Lieber-DeCarli ethanol diet CM 125

EtOH + CM250 10 Lieber-DeCarli ethanol diet CM 250

EtOH + CM500 10 Lieber-DeCarli ethanol diet CM 500

Positive control (EtOH +Sil 250) 10 Lieber-DeCarli ethanol diet Sil 250

EtOH, ethanol; CM, Cordyceps militaris extract powder; Sil, silymarin; N.T., not treated.

Diet, administration and observations

NIAAA model (Bertola et al., 2013)

Liber-Carli . Lieber-DeCarli 5

ethanol diet . , 10 5% 

ethanol diet control diet , 11 40% ethanol diet 9 (Fig. 1). 16

Cordyceps militaris (125, 250, 500 mg·kg-1) silymarin (250 mg·kg-1) (Fig. 2)

, , 1 .
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.  

(Lieber-DeCarli) Lieber-DeCarli ethanol diet #710260 Lieber-DeCarli control diet 

#710027 (Dyets Inc., USA) .

Fig. 1. The overview of the model procedure (modified National Institute Alcohol Abuse and Alcoholism 
[NIAAA] model). EtOH, ethanol.

Fig. 2. Photographs of cages and drinking tubes. (A) Liquid diet feeding tube and holder. (B) Cage and feeding- 
tube setup.

Clinical pathology 

isoflurane

. , (60 ), , 3,000 rpm

10 . (Toshiba 200FR NEO chemi-

stry analyzer, Toshiba, Japan) ALT AST . 

Determination of alcohol concentration, ADH and ALDH activities

, ADH , ALDH , Ethanol assay kit 

(C/F) (BioVision, Korea), Alcohol dehydrogenase activity assay kit (C) (BioVision, Korea), Aldehyde dehyd-

rogenase activity assay kit (C) (BioVision, Korea) .

Anatomical pathology

. 

10% (Sigma Aldrich, USA) . 

, , hematoxylin and eosin (H&E) (anti-CYP2E1) 

. 
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Statistical analysis

Pristima system (Version 7.3 Xybion Medical System Co., USA) Prism (Version 10.2.1, USA)  

. . Bartlett’s Test

, (ANOVA) , Dunnett’s test

. Kruskal-Wallis test , CM Dunn’s 

rank sum test . F-test . 

Student’s t-test , Wilcoxon rank sum test . 

, p < 0.05, p < 0.01 p < 0.0001 .

Results and Discussion
Body weight, body weight gain, and liver weight

. CM 

125 mg·kg-1 CM 7 . 

( 16 ), ( 20.6%) . CM 

. 16 (Table 2 and 3; Fig. 3).

Table 2. Time-course changes of body weight in ethanol feeding mice.

Group
Negative

control

Alcohol control

(EtOH model)
EtOH + CM125 EtOH + CM250 EtOH + CM500

Positive control

(EtOH +Sil 250)

Initial body weight (g) 26.3 ± 1.7 26.4 ± 1.7 26.4 ± 1.5 26.5 ± 1.5 26.5 ± 1.5 26.6 ± 1.7

Final body weight (g) 29.1 ± 2.6 25.4 ± 1.6 23.6 ± 2.4** 23.4 ± 1.4** 23.1 ± 0.9** 24.7 ± 1.9*

Body weight gain (g·day-1)   2.7 ± 1.3 -0.9 ± 0.7 -2.8 ± 2.2** -3.0 ± 1.0** -3.4 ± 1.4* -1.8 ± 0.7

Data are presented as mean ± standard deviation; n = 10 animals/group.

EtOH, ethanol; CM, Cordyceps militaris extract powder; Sil, silymarin.
* and ** denote the significant difference at p < 0.05 and p < 0.01, respectively, compared to the alcohol control group.

Table 3. Change of the absolute and relative liver weight.

Groups
Liver weight

Absolute weight (g) Relative weightz (%)

Negative control 0.960 ± 1.1317 3.302 ± 0.316

Alcohol control (EtOH model) 1.082 ± 0.9993++ 4.250 ± 0.227+++

EtOH + CM125 0.956 ± 0.0940** 4.058 ± 0.289

EtOH + CM250 0.906 ± 0.0829*** 3.863 ± 0.186***

EtOH + CM500 0.884 ± 0.0366** 3.832 ± 0.132***

Positive control (EtOH +Sil 250) 0.972 ± 0.0902* 3.927 ± 0.161**

Data are presented as mean ± standard deviation; n = 10 animals/group.

EtOH, ethanol; CM, Cordyceps militaris extract powder; Sil, silymarin.
z Relative weight means the ration of the liver weight in the terminal body weight.
++ and +++ denote the significant differences at the p < 0.01 and p < 0.001, respectively, compared to the negative control group.
*, **, and *** represent the significant differences at the p < 0.05, p < 0.01 and p < 0.001, respectively, compared to the alcohol control

group.
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Fig. 3. Time-course changes of body weight in ethanol feeding mice (n = 10). Data are presented as mean ± 
standard deviation. * and ** are used to indicate statistically significant differences at the p < 0.05 and p < 0.01, 
respectively. EtOH, ethanol; CM, Cordyceps militaris extract powder; Sil, silymarin.

. CM 125 mg·kg-1 

( ) , CM 250 

mg·kg-1 (Table 3; Fig. 4).

Fig. 4. Effect of Cordyceps militaris extract powder on the liver tissue absolute and relative weight in ethanol- 
induced liver model mouse. (A) Absolute weight (B) Liver/terminal body weight. ++ and +++ denote the signifi-
cant differences at the p < 0.01 and p < 0.001, respectively, compared to the negative control group. *, **, and ***

represent the significant differences at the p < 0.05, p < 0.01 and p < 0.001, respectively, compared to the 
alcohol control group. B.W., body weight; EtOH, ethanol; CM, Cordyceps militaris extract powder; Sil, silymarin.
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Clinical pathology

AST ALT , ALT CM 

250, 500 mg·kg-1 16.2% 34.7% 

(Fig. 5). Cordyceps militaris ALT 

(Cha et al., 2013). 

transaminase AST ALT

ALT

(Kim, 2008, Kim et al., 2013). ALT Cordyceps militaris 

. 

Fig. 5. Effects of Cordyceps militaris extract powder on the activities of (A) aspartate aminotransferase (AST) 
and (B) alanine aminotransferase (ALT) in ethanol feeding mice. ++ and +++ represent the significant differences 
at the p < 0.01 and p < 0.001, respectively, compared to the negative control group. *, **, and *** denote the 
significant difference at the p < 0.05, p < 0.01, and p < 0.001, respectively, compared to alcohol control group. 
EtOH, ethanol; CM, Cordyceps militaris extract powder; Sil, silymarin.

Alcohol concentration, ADH and ALDH activities

, CM 250, 500 mg·kg-1 

(Fig. 6). ADH ALDH 

. CM 250 mg·kg-1 ADH ALDH

, silymarin ADH ALD (Fig. 7). 

Cordyceps militaris ADH ALDH 

.
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Fig. 6. Effect of Cordyceps militaris extract powder on alcohol concentration in ethanol feeding mice. * de-
notes the significant differences at the p < 0.05 compared to the alcohol control group. EtOH, ethanol; CM,
Cordyceps militaris extract powder; Sil, silymarin.

Fig. 7. Effect of Cordyceps militaris extract powder on the activities of hepatic alcohol dehydrogenase (ADH) 
and acetaldehyde dehydrogenase (ALDH) in ethanol feeding mice. (A) Activities of ADH and (B) Activities of 
ALDH. * and ** denote the significant differences at the p < 0.05 and p < 0.01, respectively, compared to alcohol 
control group. EtOH, ethanol; CM, Cordyceps militaris extract powder; Sil, silymarin.

Anatomical pathology

(centrilobular hepatocellular hypertrophy) (midzonal)

(periportal) (slight, grade 2) . CM 500 mg·kg-1 

(Fig. 8).

CYP2E1 ADH alcohol acetaldehyde

(Bradford et al., 2005). CYP2E1 , 

CM 500 mg·kg-1 , CM 500 mg·kg-1 

(Fig. 9). 

CYP2E1 , CM CYP2E1
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. Cordyceps militaris ADH 

CYP2E1 . Cordyceps militaris ADH 

acetealdehyde CYP2E1 . 

Fig. 8. Histopathological analysis of liver tissue by hematoxylin and eosin (H&E) staining (black bar = 100 µm). 
a: Negative control, b: EtOH mode group exhibited marked widening centrilobular hepatocellular hyper-
trophy and hepatocellular vacuolation. c: EtOH + CM500, the liver in CM 500 mg·kg-1 treated group was shown 
sight centrilobular hepatocellular hypertrophy and hepatocellular vacuolation (only midzonal). The size and 
number of hepatocellular vacuolation in CM 500 mg·kg-1 treated group (microvesicles) was decreased com-
pare to EtOH model group (micro & macrovesicles). EtOH, ethanol; CM, Cordyceps militaris extract powder.

Fig. 9. Histopathological analysis of liver tissue by Immunohistochemistry by anti-CYP2E1 (black bar = 200 
µm). a: Negative control, b: EtOH model group. The expression of cytochrome P450 2E1 (CYP2E1) by immu-
nohistochemistry were highly densed in EtOH model group compare to negative control. c: EtOH + CM500, the 
liver in CM 500 mg·kg-1 treated group was shown less dense compare to EtOH model group. EtOH, ethanol; 
CM, Cordyceps militaris extract powder.

Conclusion
C57BL/6J , Cordyceps militaris 

0, 125, 250, 500 mg·kg-1 , Cordyceps militaris 500 mg·kg-1 

. 

Cordyceps militaris ALT 

. 

, Cordyceps militaris 500 mg·kg-1 ADH, ALDH 

. Anti-CYP2E1 , Cordyceps militaris 

. , Cordyceps militaris CYP2E1

ADH ALDH , 

.
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